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(57) Abstract: A twin plasma torch assembly comprising two plasma torch assemblies (10, 20) supported in a housing. Each torch 
has first and second spaced electrodes. Plasma gas is introduced into a processing zone between two electrodes. A shroud gas is 
introduced to surround the plasma. A feed tube (1 12) is provided to supply feed material to the processor. 
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Twin Plasma Torch Apparatus 

The invention relates to a twin plasma torch 
apparatus. 

5 

In a twin plasma torch apparatus , the two torches 
are oppositely charged i.e. one has an anode electrode 
and the other a cathode electrode. In such apparatus , 
the arcs generated by each electrode are coupled 

10 together in a coupling zone remote from the two 

torches. Plasma gases are passed through each torch 
and are ionised to form a plasma which concentrates in 
the coupling zone, away from torch interference. 
Material to be heated/melted may be directed into 

15 this coupling zone wherein the thermal energy in the 
plasma is transferred to the material. Twin plasma 
processing can occur in open or confined processing 
zones. 

20 Twin plasma apparatus are often used in furnace 

applications and have been the subject of previous 
patent applications, for example EP0398 699 and 
US5256855. 

25 _ The twin arc process is energy efficient because 

as the resistance of the coupling between the two arcs 
increases remote from the two torches, the energy is 
increased but torch losses remain constant. The 
process is also advantageous in that relatively high 

30 temperatures are readily reached and maintained. This 
is attributable to both the fact that the energy from 
the two torches is combined and also because of the 
above mentioned efficiency. 

35 However, such processes have disadvantages. If 

the plasma torches are in close proximity to one 
another and/or are enclosed within a small space, 
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there is a tendency for the arcs to destabilise, 
particularly at higher voltages. This side-arcing 
occurs when the arcs preferentially attach themselves 
to lower resistance paths. 

5 

The problem of side-arcing in current twin torch 
apparatus has lead to the development of open 
processing units in which the plasma torches are 
substantially spaced apart, with low resistance paths 

10 removed from vicinity, as described in US5,104,432. In 
such units, the process gas is free to expand in all 
directions in these applications. However, such 
arrangements are not suitable for all processing 
applications, particularly when expansion of process 

15 gases needs to be controlled e.g. production of ultra 
fine powders. 

In current systems with confined processing 
zones, the torch nozzles project into the chamber so 

20 that the chamber walls, which have a low resistance, 

are removed from the vicinity of the plasma arc. This 
awkward construction inhibits side-arcing and 
encourages coupling of the arcs. However, the 
protruding nozzles provide surfaces on which melted 

25 _ material may precipitate. This not only results in 
wastage of material but shortens the life of the 
torches . 

The present invention provides a twin plasma 
30 torch assembly comprising: 

(a) at least two twin plasma torch assemblies of 

opposite polarity supported in a housing, said 
assemblies being spaced apart from one another 
35 and each comprising 



(i) a first electrode, 
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(ii) a second electrode which is or is adapted to 
be spaced apart from the first electrode by 
a distance sufficient to achieve a plasma 
arc therebetween in a processing zone; 

(b) means for introducing a plasma gas into the 
processing zone between the first and second 
electrodes; 

(c) means for introducing shroud gas to surround the 
plasma gas; 



(d) means for supplying feed material into the 
15 processing zone; and 

(e) means for generating a plasma arc in the 
processing zone. 



10 



20 The shroud gas confines the plasma gas, inhibits 

side-arcing, and increases plasma density. The 
invention therefore provides an assembly in which the 
torches are inhibited from side-arcing, and thus 
facilitates the miniaturisation of torch design where 

25 _ distance to low resistance paths are small. The use 
of shroud gas can also eliminate the need for torch 
nozzles to extend beyond the housing. 

The shroud gas may be provided at various 
30 locations along the electrodes, particularly in 

cylindrical torches where arcs are generated along the 
length of the electrodes. However , preferably, each 
torch has a distal end for the discharge of plasma gas 
and the means for supplying shroud gas provides shroud 
35 gas downstream of the distal end of each electrode. 

Therefore, reactive gases such as oxygen may be added 
to the plasma without degrading the electrode. The 
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practical applicability of plasma torches is increased 
by the facility to add reactive gases downstream of 
the electrode. 

5 In a preferred embodiment , each plasma torch 

comprises a housing which surrounds the electrode to 
define a shroud gas supply duct between the housing 
and the electrodes, wherein the end of the housing is 
tapered inwards towards the distal end of the torch to 
10 direct flow of the shroud gas around the plasma gas. 

The twin plasma torch assembly of the present 
invention may be used in an arc reactor having a 
chamber to carry out a plasma evaporation process to 
15 produce ultra-fine (i.e. sub-micron or nano-sized) 

powders, for example aluminium powders. The reactor 
may also be used in a spherodisation process. 

The chamber will typically have an elongate or 
20 tubular form with a plurality of orifices in a wall 
portion thereof, a twin plasma torch assembly being 
mounted over each orifice. The orifices, and thus the 
twin plasma torch assemblies, may be provided along 
and/or around said tubular portion. The orifices are 
25 _ preferably provided at substantially regular 
intervals . 

The distal ends of the first and/or second 
electrodes, for the discharge of plasma gas will 
30 typically be formed from a metallic material, but may 
also be formed from graphite. 

The plasma arc reactor preferably further 
comprises cooling means for cooling and condensing 
35 material which has been vaporised in the processing 
zone. The cooling means comprises a source of a 
cooling gas or a cooling ring. 
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The plasma arc reactor will typically further 
comprise a collection zone for collecting processed 
feed material. The process feed material will 
typically be in the form of a powder, liquid or gas. 

5 

The collection zone may be provided downstream of 
the cooling zone for collecting a powder of the 
condensed vaporised material. The collection zone may 
comprise a filter cloth which separates the powder 

10 particulate from the gas stream. The filter cloth is 
preferably mounted on an earthed cage to prevent 
electrostatic charge build up. The powder may then be 
collected from the filter cloth, preferably in a 
controlled atmosphere zone. The resulting powder 

15 product is preferably then sealed, in inert gas, in a 
container at a pressure above atmospheric pressure. 

The plasma arc reactor may further comprise means 
to transport processed feed material to the collection 
20 zone. Such means may be provided by a flow of fluid, 
such as, for example, an inert gas, through the 
chamber, wherein, in use, processed feed material is 
entrained in the fluid flow and is thereby transported 
to the collection zone. 

25 - 

The means for generating a plasma arc in the 
space between the first and second electrodes will 
generally comprise a DC or AC power source. 

30 The apparatus according to the present invention 

may operate without using any water-cooled elements 
inside the plasma reactor and allows replenishment of 
feed material without stopping the reactor. 

35 The means for supplying feed material into the 

processing zone may be achieved by providing a 
material feed tube which is integrated with the 
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chamber and/or the twin torch assembly. The material 
may be particulate matter such as a metal or may be a 
gas such as air, oxygen or hydrogen or steam to 
increase the power at which the torch assembly 
5 operates. 



Advantageously, the distal ends of first and 
second electrodes, for the discharge of plasma gas, do 
not project into the chamber. 

10 

The small size of the compact twin torch 
arrangement according to the present invention allows 
many units to be installed onto a product transfer 
tube. This enables easy scale-up to typically over 10 
15 times to give a full production unit without scale up 
uncertainty. 



The present invention also provides a process for 
producing a powder from a feed material, which process 
20 comprises: 



(A) providing a plasma arc reactor as herein defined; 

(B) introducing a plasma gas into the processing 
25 - zones between the first and second electrodes; 



(C) generating a plasma arc in the processing zones 
between the first and second electrodes; 



30 (D) supplying feed material into the plasma arcs, 
whereby the feed material is vaporised; 

(E) cooling the vaporised material to condense a 
powder; and 

35 

(F) collecting the powder. 
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The feed material will generally comprise or 
consist of a metal, for example aluminium or an alloy 
thereof. However, liquid and/or gaseous feed 
materials can also be used. In the case of a solid 
5 feed, the material may be provided in any suitable 

form which allows it to be fed into the space between 
the electrodes, i.e, into the processing zone. For 
example, the material may be in the form of a wire, 
fibres and/or a particulate. 

10 

The plasma gas will generally comprise or consist 
of an inert gas, for example helium and/or .argon. 

The plasma gas is advantageously injected into 
15 the space between the first and second electrodes, 
i.e. the processing zone. 

At least some cooling of the vaporised material 
may be achieved using an inert gas stream, for example 

20 argon and/or helium. Alternatively, or in combination 
with the use of an inert gas, a reactive gas stream 
may be used. The use of a reactive gas enables oxide 
and nitride powders to be produced. For example, 
using air to cool the vaporised material can result in 

25 - the production of oxide powders, such as aluminium 
oxide powders. Similarly, using a reactive gas 
comprising, for example, ammonia can result in the 
production of nitride powders, such as aluminium 
nitride powders. The cooling gas may be recycled via 

30 a water-cooled conditioning chamber. 

The surface of the powder may be oxidised using a 
passivating gas stream. This is particularly 
advantageous when the material is a reactive metal, 
35 such as aluminium or is aluminium-based. The 

passivating gas may comprise an oxygen-containing gas. 
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It will be appreciated that the processing 
conditions , such as material and gas feed rates, 
temperature and pressure, will need to be tailored to 
the particular material to be processed and the 
5 desired size of the particles in the final powder. 

It is generally preferable to pre-heat the 
reactor before vaporising the solid feed material. The 
reactor may be preheated to a temperature of at least 
10 about 2000°C and typically approximately 2200°C. Pre- 
heating may be achieved using a plasma arc. 

The rate at which the solid feed material is fed 
into the channel in the first electrode will affect 
15 the product yield and powder size. 

For an aluminium feed material, the process 
according to the present invention may be used to 
produce a powdered material having a composition based 
20 on a mixture of aluminium metal and aluminium oxide. 

This is thought to arise with the oxygen addition made 
to the material during processing under low 
temperature oxidation conditions. 

25 - Specific embodiments of the present invention 

will now be described in detail with reference to the 
following figures (drawn approximately to scale) in 
which: 

30 Figure 1 is a cross section of a cathode torch 

assembly; 

Figure 2 is a cross section of an anode torch 
assembly; 

35 

Figure 3 shows a portable twin torch assembly 
comprising the anode and cathode torch assemblies of 



WO 01/78471 



PCT/GB01/01545 



- 9 - 

Figures 1 and 2, mounted onto a confined processing 
chamber; 

Figure 4 shows the portable twin torch assembly 
5 of Figure 3 mounted into a housing; 

Figure 5 is a schematic of the assembly of Figure 
3 when used to produce ultra fine powders; 

10 Figures 6A is a schematic of the assembly of 

Figure 4 configured to operate in transferred arc to 
arc coupling mode, with a anode targets- 
Figure 6B is a schematic of the assembly of 

15 Figure 4 configured to operate in transferred arc 
mode, with a anode target; 

Figures 7A is a schematic of the assembly of 
Figure 4 configured to operate in transferred arc to 
20 arc coupling mode, with a cathode target; 

Figure 7B is a schematic of the assembly of 
Figure 4 configured to operate in transferred arc 
mode, with a cathode target. 

25 - 

Figures 1 and 2 are cross sections of assembled 
cathode 10 and anode 20 torch assemblies respectively. 
These are of modular construction each comprising an 
electrode module 1 or 2, a nozzle module 3, a shroud 
30 module 4, and a electrode guide module 5. 

Basically, the electrode module 1, 2 is in the 
interior of the torch 10 , 20. The electrode guide 
module 5 and the nozzle module 3 are axially spaced 
35 apart surrounded the electrode module 1,2 at locations 
along its length. At least the distal end (i.e. the 
end from which plasma is discharged from the torch) of 
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the electrode module 1, 2 is surrounded by the nozzle 
module 3. The proximal end of the electrode module 1 
or 2 is housed in the electrode guide module 5. The 
nozzle module 3 is housed in the shroud module 4. 

Sealing between the various modules and also the 
module elements is provided by "0" rings. For example, 
"0" rings provide seals between the nozzle module 3 
and both the shroud module 4 and electrode guide 
module 5. Throughout the figures of the specification, 
"0" rings are shown as small filled circles within a 
chamber . 

Each torch 10, 20 has ports 51 and 44 for entry 
of process gas and shroud gas respectively. Entry of 
process gas is towards the proximal end of the torch 
10, 20. Process gas enters a passage 53 between the 
electrode 1 or 2 and the nozzle 3 and travels towards 
the distal end of the torch 10, 20. In this particular 
embodiment, shroud gas is provided at the distal end 
of the torch 10, 20. This keeps shroud gas away from 
the electrode and is particularly advantageous when 
using a shroud gas which may degrade the electrode 
modules 1, 2, e.g. oxygen. However, in other 
embodiments, the shroud gas could enter towards the 
proximal end of the torch 10, 20. 

The shroud module 4 is fitted at the distal end 
of the torch 10, 20. The shroud module 4 comprises a 
nozzle guide 41, a shroud gas guide 42, an electrical 
insulator 43, a chamber wall 111, and also a seat 46. 
An "0" ring is provided to seal the chamber wall 111 
and the nozzle guide 41. Optionally, coolant fluid may 
also be transported within the chamber wall 111. 



The electrical insulator 43 is located on the 
chamber wall 111 such that there is no low resistance 
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path at the distal end of the' torch to facilitate arc 
destabilisation. The electrical insulator 43 is 
typically made of boron nitride or silicon nitride. 

5 The shroud gas guide 42 is located on the 

electrical insulator 43 and provides support for the 
distal end of the nozzle module 3 and also allows flow 
of shroud gas out of the distal end of the torch. It 
is typically made from PTFE. 

10 

The nozzle guide 41 is made of an electrical 
insulator, such as PTFE, and is used to locate the 
nozzle module 3 in the shroud module 4. The nozzle 
guide 41 also contains a passage 44 through which 
15 shroud gas is fed to an chamber 47. Shroud gas exits 

from the chamber 47 through passages 45 located in the 
shroud gas guide 42. These passages 45 are along the 
contact edge with the electrical insulator 43. 

20 Although shroud gas is shown to be delivered to 

the torch 10 , 20 using a specific arrangement for the 
shroud gas module 4 (Figure 8), delivery may be by 
other means. For example, shroud gas may be delivered 
near the proximal end of the torch, through a passage 

25 - surrounding the process gas passage 51. The shroud gas 
may also be delivered to an annular ring located at 
and offset from the distal end of the torch. 

The electrode guide module 5 conveniently 
30 provides a passage or port 51 for the entry of process 
gas. The internal proximal end of the nozzle module 3 
is advantageously chamfered to direct flow of process 
gas from the passage 51 into the nozzle module 3 and 
around the electrode. 

35 

The electrode guide module 5 needs to be 
correctly circumf erentially aligned such that the 
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electrode guide cooling circuit and the torch cooling 
circuit (discussed below) align. 

The nozzle module 3 and electrode modules 1 and 2 
5 have cooling channels for the circulation of cooling 

fluid. The cooling circuits are combined into a single 
circuit in which cooling fluid enters the torch 
through an single torch entry port 8 and exits torch 
out of a single torch exit port 9. The cooling fluid 

10 enters through the entry port 8 travels through the 

electrode module 1, 2 to the nozzle module 3, and then 
exits out of the torch through a nozzle exit port 9. 
The fluid which leaves the nozzle exit port 9 is 
transported to a heat exchanger to provide cooled 

15 fluid which is recirculated to the entry port 8. 

Looking at the flow of cooling fluid through the 
modules in detail, fluid entering from the torch entry 
port 8 is directed to an electrode entry port 81. 

20 Cooling fluid enters the electrode near its proximal 
end and travels along a central passage to the distal 
end wherein it is redirected back to flow along a 
surrounding outer passage (or number of passages) and 
out of an electrode exit port 91. This fluid enters 

25 ~ the nozzle at entry port 82 and flows along interior 
passages to the distal end of the nozzle. It is then 
directed back along surrounding passages to the exit 
from the nozzle port 92. The fluid is directed to the 
torch exit port 9. 

30 

Any fluid which acts as an effective coolant may 
be used in the cooling circuit. When water is used, 
the water should preferably be de-ionised water to 
provide a high resistance path to current flow. 

35 

The torches 10 and 20 may be used for twin plasma 
torch assemblies, in both open and confined processing 
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zone chambers. The construction of confined processing 
zone twin plasma torch assembly 100 is shown in Figure 
9. 

5 The assembly 100 is configured to provide torches 

10, 20 which are easily installed to the correct 
position for operation. For example, the offset 
between the distal ends of the electrodes 1, 2 and the 
angle between them are determined by the dimensions of 
10 the assembly components. 

The torch and assembly modules are constructed 
to close tolerance to provide good fitting between the 
modules. This would limit radial movement of one 

15 module within another module. To allow ease of 

assembly and re-assembly, corresponding modules would 
slide into one another and be locked in by for 
example, locking pins. The use of locking pins in the 
modules would also ensure that each module was 

20 correctly oriented within the torch assemblies ie. 
provide circumferential registration. 

The confined processing zone twin torch assembly 
100 comprises a cathode and anode torch assemblies 10 

25 - and 20, and a feed tube 112. Typically, the two 
torches are at right angles to one another. The 
components are arranged to provide a confined 
processing zone 110 in which coupling of the arcs will 
occur. The feed tube 112 is used to supply powder, 

30 liquid, or gas feed material into the processing zone 
110. The walls 111 of the shroud modules 4 
conveniently define the chamber which contains the 
confined processing zone 110. 

35 The walls 111 provide a divergent processing zone 

110 in which the low resistance wall surfaces are 
maintained away from the arcs, inhibiting side-arcing. 
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In addition, the divergent nature of the design allows 
gas expansion after plasma coupling, without a 
constrictive pressure build-up. 

5 The walls 111 define a conical chamber which may 

comprise curved or flat walls. The perimeter of the 
walls 111 may be joined to chamber walls 113 to enable 
the assembly 100 to be mounted (Figure 4) . In such an 
arrangement, there should obviously be an orifice 114 
10 such that the processing zone 110 is not totally 

enclosed. Typically, a circular orifice 114 can have a 
diameter of 15cm. 



The confined processing zone 110 may be made as a 
15 separate module comprising the feed tube 112, and the 
chamber walls 111 and 113. 



The assembly 100 may be mounted into a cylinder 
which comprises (optional) inner cooling walls 115, 
20 surrounded by an outer refractory lining 116 (Figure 
4) . The lining 116 would preferably be a heat 
resistant material. The walls 111 may themselves also 
have integrated cooling channels. 

25 - Turning now to the operation of the torches 10, 

20, a shroud gas is provided to encircle the arcs 
generated from the electrodes. The shroud gas may be 
helium, nitrogen or air. Any gas which provides a high 
resistance path to prevent the arc from travelling 

30 through the shroud is suitable. Preferably, the gas 

should be relatively cold. The high resistance path of 
the shroud gas concentrates the arc into a relatively 
narrow bandwidth. The tapered distal end of the nozzle 
module assists in providing a gas shroud which is 

35 directed to encircle the arc. 



The shroud gas also acts to confine the plasma 
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and inhibits melted feed material from being 
recirculated back towards the feed tube 112 or the 
chamber walls 111. Thus, the efficiency of processing 
is increased. 

5 

As the distal end of the nozzle no longer 
protrudes into the confined processing zone, 
precipitation of melted feed material on the nozzle is 
inhibited. Thus, the operational life of the nozzle is 
10 prolonged, and the efficiency of the material 
processing increased. 

Any regions of the assembly which are 
particularly close to the arcs are made or coated with 
15 an electrical insulator, for example the shroud gas 
guide 42 and the electrical insulator 43. 

The invention may be applied to numerous 
practical applications, for example to manufacture 
20 nano-powders, spherodisation of powders or the 

treatment of organic waste. Some further examples are 
given below. 

1. Gas Heater/steam generator 

25 - 

Due to the modular nature, the invention allows 
replacement of existing gas fossil fuel burners with 
an electrical gas heater. Introducing water between 
the two torches will enable steam to be generated 
30 which may be used to heat existing kilns and 

incinerators. Gasses may be introduced between the 
arcs to give an efficient gas heater. 

2. Pyrolysis/Gas Heating and Reforming 

35 

Introduction of liquid and/or gas, and/or solids 
into the coupling zone will enable thermal treatment. 
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3. Reactive Material Processing 

Materials which dissociate into chemically 
reactive materials may be processed in the unit as 
5 there need not be any reactor wall contact at high 
temperatures . 

In such cases, the walls 111 of the water cooled 
processing zone chamber would have a grated surface to 
10 allow transpiration to occur. This creates a 

protective barrier to stop reactive gas impingement. 

4 . Ultra-fine powder production 

15 The assembly may be utilised to produce ultra 

fine powders (generally of unit dimension of less than 
200 nanometres) is illustrated in Figure 5. The 
small size of the unit enables easy attachment of a 
quench ring 130 in close proximity to the gaseous high 

20 temperature plasma coupling zone. Fine powder is 

produced in the zone 132, within the expansion zone 
131. Higher gas quench velocities produce smaller the 
terminal unit dimension of the particles. 

25 A plurality of twin torch assemblies as herein 

described may be mounted on a processing chamber. 

It is expected that the nano-powders produced by 
this method would produce finer powders as it would be 
30 possible to install the quench apparatus 130 in close 
proximity to the arc to arc coupling zone. This would 
minimise the time available for the powder/liquid feed 
material particles to grow. 

35 It will be appreciated that composite materials may 

be fed to make nano-alloy materials. 
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Introduction of fine powders, gasses or liquids 
between the arc will vaporize them and the vapor may then 
be quenched/and or reacted to give a powder of nano-sized 
powders . 

5 

5. Coupled or Transferred Arc Mode 

The modular assembly may also be configured as to 
operate in transferred arc modes with anode (Figure 6) 
10 and cathode (Figure 7) targets. The torches described 
above are suitable for operation in transferred arc to 
arc coupling mode (Figures 6A and 7A) and transferred 
arc mode (Figures 6B and 7B) . 

15 6. Spherodisation 

. Typical plasma gas temperatures at the arc to arc 
coupling zone have been measured to be up to 10,000 K for 
an Argon plasma. Introduction of angular particles results 
20 in spherodisation. 

7. Thermal modification/Etching/Surface modification 

The Coupling zone between the arcs may be used to 
25 thermally modify a feed gas, for example methane, 
ethane or UF6. 

The plasma plume may also be used to achieve 
surface modification by, for example, ion impingement, 
30 melting, or to chemically alter the surface such as in 
nitriding. 

8. ICP analyses 

35 The assembly according to the present invention 

may also be used in ICP analyses and as a high energy 
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UV light source. 

Various modifications can be made to the above 
embodiments. For example, cooling water systems of 
5 the two torches may be combined, or one or both of the 
torches of the twin apparatus could have a gas shroud. 
In addition, the gas shroud may be applied to torches 
which do not have the modular construction mentioned 
above . 

10 

The apex cone angle in the torch assembly may be 
different for different applications. In some cases it may 
be desirable to fit to a cylinder without a cone. 

15 A plurality of twin torch assemblies as herein 

described may be mounted on chamber. 
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Claims : 

1. A twin plasma torch assembly comprising: 

5 (a) at least two twin plasma torch assemblies of 

opposite polarity supported in a housing, 
said assemblies being spaced apart from one 
another and each comprising 

10 (i) a first electrode, 

(ii) a second electrode which is or is 

adapted to be spaced apart from the 
first electrode by a distance 
15 sufficient to achieve a plasma arc 

therebetween in a processing zone; 

(b) means for introducing a plasma gas into the 
processing zone between the first and second 

20 electrodes; 

(c) means for introducing shroud gas to surround 
the plasma gas; 

25 (d) means for supplying feed material into the 

processing zone; and 

(e) means for generating a plasma arc in the 
processing zone. 



30 



2. A twin plasma torch assembly as claimed in claim 
1, wherein each torch has a distal end for the 
discharge of plasma gas, wherein the means for 
supplying shroud gas provides shroud gas downstream of 
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the distal end of each electrode. 

3. A twin plasma torch assembly as claimed in claim 
2, wherein each torch comprises a housing which 
surrounds the electrodes to define the shroud gas 
supply duct between the housing and the electrodes , 
and wherein the end of the housing is tapered inwards 
towards the distal end of the torch to direct flow of 
the shroud gas around the plasma gas. 

4. An assembly as claimed in any preceding claim, 
further comprising a collection zone for collecting 
processed feed material in the form of a powder. 

5. An assembly as claimed in claim 4, further 
comprising means to transport processed feed material 
to the collection zone. 

6. An assembly as claimed in claim 5, wherein the 
means to transport processed feed material to the 
collection zone comprises means to provide a flow of 
fluid through the chamber, wherein, in use, processed 
feed material is entrained in the fluid flow and is 
thereby transported to the collection zone. 

7. An assembly as claimed in any one of the 
preceding claims, wherein distal ends of first and 
second electrodes for the discharge of plasma gas do 
not project beyond the housing. 

8. An assembly as claimed in any one of the 
preceding claims, wherein distal ends of the first 
and/or second electrodes for the discharge of plasma 
gas is/are formed from graphite. 
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9. An assembly as claimed in any one of the 
preceding claims , further comprising cooling means for 
cooling and condensing material which has been 
vaporised in the processing zone. 

5 

10. An assembly as claimed in claim 9, wherein the 
cooling means comprises a source of a cooling gas or a 
cooling ring. 

10 11. An assembly as claimed in any one of the 

preceding claims, wherein the means for generating a 
plasma arc in the processing zone between the first 
and second electrodes comprises a DC or AC power 
source. 

15 

12. A plasma arc reactor comprising a combination of 
a reaction chamber and a twin plasma torch assembly 
according to any one of the preceding claims. 

20 13. A reactor according to claim 12, wherein the 
chamber has an elongate form with a plurality of 
orifices in a wall portion thereof; and a twin plasma 
torch assembly according to any one of the preceding 
claims being mounted over each orifice. 

25 

14. A reactor as claimed in claim 13, wherein the 
chamber has a tubular portion with a plurality of 
orifices in a wall portion thereof, a twin plasma 
torch assembly being mounted over each orifice. 

30 

15. A reactor as claimed in claim 14, wherein said 
orifices are provided along and/or around said tubular 
portion. 
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16. A reactor as claimed in any one of claims 13 to 
15, wherein said orifices are provided at 
substantially regular intervals. 

5 17. A process for producing a powder from a feed 
material, which process comprises: 

(A) providing a plasma arc reactor as defined in any 
one of the claims 12 to 16; 

10 

(B) introducing a plasma gas into the processing 
zones between the first and second electrodes; 

(C) generating a plasma arc in the processing zones 
15 between the first and second electrodes; 

(D) supplying feed material into the plasma arcs, 
whereby the feed material is vaporised; 

20 (E) cooling the vaporised material to condense a 
powder; and 

(F) collecting the powder. 

25 18. A process as claimed in claim 17, wherein the 

feed material comprises or consists of a metal or 
alloy. 

19. A process as claimed in claim 18, wherein the 

30 feed material is aluminium or an alloy thereof. 



20. A process as claimed in any one of claims 17 to 
19, wherein the feed material is in the form of a 
wire, fibres and/or a particulate. 
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21. A process as claimed in any one of claims 17 to 
20 , wherein the plasma gas comprises or consists of an 
inert gas. 

5 

22. A process as claimed in claim 21, wherein the 
plasma gas comprises or consists of helium and/or 
argon. 

10 23. A process as claimed in any one of claims 17 to 

22, wherein at least some cooling of the vaporised 
material is achieved using an inert gas stream. 

24. A process as claimed in any one of claims 17 to 
15 23, wherein at least some cooling of the vaporised 

material is achieved using a reactive gas stream. 

25. A process as claimed in any one of claims 17 to 

23, wherein the surface of the powder is oxidised 
20 using a passivating gas stream. 

26. A process as claimed in claim 25, wherein the 
passivating gas comprises an oxygen-containing gas. 

25 27. A process as claimed in any one of claims 17 to 
41, wherein the powder comprises particles 
substantially all of which have a diameter of less 
than 200 nm, preferably less than 50 nm. 




SUBSTITUTE SHEET (RULE 26) 



WO 01/78471 



PCT/GB01/01545 




SUBSTITUTE SHEET (RULE 26) 



WO 01/78471 



PCT7GB01/01545 




SUBSTITUTE SHEET (RULE 26) 



WO 01/78471 



PCT/GB01/01545 




WO 01/78471 



PCT/GB01/01545 



J/0 




SUBSTITUTE SHEET (RULE 26) 



Il 



WO 01/78471 



PCT/GB01/01545 



0/0 



- I + 





SUBSTITUTE SHEET (RULE 26) 



PCT/GB01/01545 



+ 




SUBSTITUTE SHEET (RULE 26) 



WO 01/78471 



PCT/GB01/01545 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inti naf Application No 

PCT/GB 01/01545 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H05H1/44 



According to International Patent Classification (IPC) or to both national classification and fPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H05H 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



AGEORGES H ET AL: "SYNTHESIS OF ALUMINUM 
NITRIDE IN TRANSFERRED ARC PLASMA 
FURNACES" 

PLASMA CHEMISTRY AND PLASMA 
PROCESSING, US, PLENUM PRESS. NEW YORK, 
vol. 13, no. 4, 

1 December 1993 (1993-12-01), pages 
613-632, XP000422827 
ISSN: 0272-4324 

page 621, paragraph 1 -page 622, last 
paragraph; figure 5 

FR 2 450 548 A (RIKAGAKU KENKYUSHO) 
26 September 1980 (1980-09-26) 
page 13, line 33 -page 14, line 5 
figures 1,6 

-/~ 



I, 2,4,7, 

II, 12 



13-17, 
21,22 

3,7 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

•A" document defining the general state of the art which is not 
considered 1o be of particular relevance 

'E' earlier document but published on or after the International 
filing date 

'L* document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specffied) 

'O" document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



■T" later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

'X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 



Date of the actual completion of the International search 



2 July 2001 



Date of mailing of the International search report 



12/07/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRQswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Capostagno, E 



Form PCT/lSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Inti nal Application No 

PCT/GB 01/01545 



C(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indlcetion.where appropriate, ot the relevant passages 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 197813 

Derwent Publications Ltd., London, SB; 

Class E33, AN 1978-23971A 

XP002170899 

& JP 50 160199 A (TOSHIBA CERAMICS CO), 

25 December 1975 (1975-12-25) 
abstract 

US 4 112 288 A (PIEREN WILLIAM R ET AL) 

5 September 1978 (1978-09-05) 
column 2, line 24 - line 30 

PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 337 (C-1217), 
27 June 1994 (1994-06-27) 

6 JP 06 080410 A (SUMITOMO HEAVY IND LTD), 
22 March 1994 (1994-03-22) 

abstract 

PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 686 (C-1292), 

26 December 1994 (1994-12-26) 

& JP 06 272047 A (MITSUBISHI CABLE IND 
LTD; OTHERS: 01), 

27 September 1994 (1994-09-27) 
abstract 

W0 99 31296 A (C0MNINELLIS CHRIST0S 
;HENKEL KGAA (DE); GI0RDANI PAOLO (IT); 
TRASA) 24 June 1999 (1999-06-24) 
page 8, paragraph 3 



4,18-20 



4,9,23, 
24 



5,6 



25,26 



Foim PCT/ISA/210 (continuation ot seeond sheet) (July 1892) 



INTERNATIONAL SEARCH REPORT 

ft 


Int. nal Application No 

PCT/GB 01/01545 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



FR 2450548 



26-09-1980 



JP 1353692 C 

JP 55122683 A 

OP 61021400 B 
JP 1353693 C 

JP 55117577 A 

JP 61020120 B 
DE 3007826 A 
GB 2045040 A,B 
GB 2116408 A,B 
US 4341941 A 
US 4439662 A 



11-12-1986 
20-09-1980 
27-05-1986 
11-12-1986 
09-09-1980 

20- 05-1986 
18-09-1980 
22-10-1980 

21- 09-1983 
27-07-1982 
27-03-1984 



JP 50160199 



25-12-1975 



NONE 



US 4112288 



05-09-1978 



CA 
CH 
DE 
FR 
GB 
JP 



1059219 
613828 
2616722 
2307608 
1543967 
51135859 



24- 07-1979 
15-10-1979 
28-10-1976 
12-11-1976 
11-04-1979 

25- 11-1976 



JP 06080410 A 22-03-1994 NONE 



JP 06272047 A 27-09-1994 NONE 



WO 9931296 A 24-06-1999 DE 19755350 A 17-06-1999 

AU 2157999 A 05-07-1999 

EP 1040211 A 04-10-2000 

ZA 9811343 A 14-06-1999 



Form PCT/1SA/210 toatenHamlty annex) (July 1992) 



